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[57] ABSTRACT 

Stimulated Brillouin Scattering, which occurs when 
light of narrow line width and above a threshold power 
is launched into a low loss optical fiber, is suppressed by 
time-varying the phase angle of the transmitted light 
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nm __ if ~ AMC «™ OT ^, through the fibre becomes nearly independent of the 

OPTICAL TRANSMISSION launched power. In addition to thus attenuating the 

FIF1 n OF thp iNVFNmnw transmitted power, SBS has further detrimental effects 

FIELD OF THE INVENTION such as causing multiple frequency shifts, increased 

This invention relates to optical transmission, and in 5 backward coupling into the laser light source and, for 

particular to methods of, and apparatus for, optical sufficiently high launched powers, even permanent 

transmission along dielectric waveguides, and to optical physical damage to the fibre. 

communication systems employing optical transmit It should be noted that, although of great importance 

* fcr ccS zt~p t syst^r~, fcr ^vhich of rr-r;^vv V. t 

BACKGROUND OF THE INVENTION ^ J™' 0 ? " mandiao/ * i*®* J?0£ con * 

fined to coherent systems. Rather, SBS may occur 

Optical, transmission employs electromagnetic waves whenever the appropriate conditions are satisfied in 

from a spectrum of wavelengths including but extend- respect of line width, launch power, characteristics of 

mg. well beyond visible light, and expressions herein the optical waveguide, and so forth, 

such as "optical", "light" and related terms are accord- 15 SBS is only one of several non-linear processes which 

ingly to be understood in the wider sense of referring to may occur in optical waveguides, and is generally less 
electromagnetic waves within this broader spectrum of significant with broad line width than with narrow line 

wavelengths. , - - - . , ight Nevertheless, in view of its threshold being 

In optical communication systems light, modulated m - usually lower than thresholds for other non-linear pro- 

acc<>raance with information to be conveyed, is trans- 20 y SBS ^ ^ coaMmd to prcra t fniaj^ 

iTo^f^^^^ * limitation for optical communication ^» JsTfce 

The majority of optica] coinmumcaUon systems pres- dted references, and in particlar R. G Smith, P. La- 

enUym operaucm, of which optical tdecommunication ^ ^ N "uesugi). TtoSu^wmc^^e^ 

systems are an important example, employ a combina- j^iru.. ^«;I*T^ *C . ^ T L 7 «" 

tion of transmission of non^oheTent light and direct 25 ^ y ^^ °? ^5 maximum practicable ibmnch 

intensity modulation for conveying digitil information. u ^ T^fr f ° r ****** 

Considerable advantages in resect of, among others, ^ ^ ^ *°° ° P T 

bandwidth utilization, tLsnoiW^wio^ choice " f ^ ^ M ^ A on * c 

of appropriate modulation techniques, and receiver ^undipower has of course a direct effect «i the maxi- 

sensitivity, are envisaged to derive from using coherent 30 mum transmission length which can be achieved with- 

light for transmission. Unlike optical communication to repeaters or regenerators, 

systems using non-coherent light for transrnisskm. sys- r Thc P^nty of the cited references discusses the 

terns using coherent light (referred to hereinafter also as aforcsajd constraint on the launch power to levels not 

"coherent systems") have to employ narrow line width much S rcatcr ' preferably less than the SBS thresh- 

light sources and, particularly for long distance commu- 35 old, but in none of the references is it suggested whether 

nicanon, will generally use' low loss, single mode optical if *°» how limitation may be overcome. Thus, 

fibres as the dielectric optical waveguides. for example, N. Uesugi et al, (cited above) demonstrate 

It has been appreciated for some time now. that if ^ m lhe ncar infrared region SBS will occur in long 
narrow lihe:_widt£ light, for example from a laser light smgle mode silica fibres with input powers as low as a 
source, is launched into an optical fibre, and especially 40 ^ ew milliwatts. Yet, in spite of their investigations hav- 
into a low loss optical fibre, then there is a threshold m & been carried out in view of the importance of SBS 
power (the natural Stimulated Brillouin Scattering for coherent communication systems, the authors fail to 
threshold for the fibre at that linewidth) above which suggest even the existence of a suitable remedy. 
Stimulated Brillouin Scattering (hereinafter also re- SUMMARY OF thp TKVFTsmnw 
ferred to as SBS) occurs in the fibre (see for example, R. 45 SUMMARY OF THE INVENTION 
O. Smith, "Optical Power Handling Capacity of Low It is an object of the present invention to provide 
Loss Optical Fibres as Determined by Stimulated transmission of light along dielectric waveguides by 
Raman and Brillouin Scattering**, Appl Opt, 1972, II, methods which avoid at least some of the detrimental 
pp 2489-2494; E. P. Ippen and R. H. Stolen "Stimulated effects of Stimulated Brillouin Scattering. 
Brillouin Scattering in Optical Fibres" Appl Phys Lett, 30 It is another object of the present invention to pro- 
Vol 21, No 11, Dec 1, 1972; "Optical Fibre Telecom- vide methods of transmitting light along dielectric opti- 
mumcatJons", 1979, Academic Press, New York (US), cal waveguides, which result in substantial suppression 
ed S. E. Miller et al. Chapter 5 "Non Linear Properties of Stimulated Brillouin Scattering, 
of Optical Fibres", pp 125-150, para 53; P. Labudde et It is yet another object of the present invention to 
al, 'Transmission of Narrow Band High Power Laser 55 provide an optical transmission system using dielectric 
Radiation Through Optical Fibres", Optics Communi- optical waveguides and provided with means for sub- 
cations, Vol 32, No 3, March 1980, pp 385-390, N. stantial suppression of Stimulated Brillouin Scattering. 
Uesugi et et al, "Maximum Single Frequency Input According to one aspect of the present invention, a 
Power in a Long Optical Fibre Determined by Stimu- fe method of transmitting light along a dielectric optica] 
lated BriDouin Scattering**, Electronics Letters, May ear waveguide comprises lauching into the optical wave- 
28, 1981, Vol 17, No 11). guide a high power optical wave originating from one 

As explained in these references, Stimulated Brillouin . or more narrow linewidth light sources, said optical 

Scattering is a stimulated scattering process which con- wave having a phase angle which varies with «™» (eg. 

verts a forward travelling optical wave into a backward imposed recurrent phase deviations) in such a manner 

travelling optical wave which is also shifted in fre- 65 that Stimulated Brillouin Scattering is substantially sup- 

quency. At launched light powers exceeding the above pressed. 

me ntion ed threshold power, the amount of scattering According to another aspect of the present invention, 

rises steeply until the power transmitted forward an optical transmission system comprises one or more 
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narrow line width light sources, and an optical wave- and modulated in correspondence with the information 

guide, said source or sources being adapted to launch to be transmitted, the phase angle of the modulated 

into the optical waveguide a high power optical wave wave varying with time in such matter that Stimulated 

the phase angle of which varies with time (e.g. imposed Brillouin Scattering is substantially suppressed, 
recurrent phase deviations) in such a manner that Stim- 5 The present invention further provides a transmission 

ulated Brillouin Scattering is substantially suppressed. system comprising one or more narrow-Hnewidth light 

The terms "high power** and "narrow line width** sources, modulating means and an optical fibre, said 

herein are to be understood to mean sufficiently high source or sources and means being adapted to launch 

corresponding optical wave of non-varying phase angle 10 cal carrier wave the phase angle of which varies wiip 
e.g. in the absence of suitable imposed Vecurr en t phase time in such manner that Stimulated Brillouin Scatter- 
deviations), the significance of SBS for said correspod- ing is substantially suppressed. 

ing optical wave being readily determined by trial and For the avoidance of any possible doubt, it is here 
error experiment - stated that the varying of the phase angle referred to 

Some guidance in performing the experiment may be 15 may be, but need not necessarily be, a direct conse- 
gained from the observation that, for a given optica) quence solely of the modulation in correspondence with 
waveguide and wavelength, - a narrowing of the line the information. 

'width is generally accoifipanied by a reduction in the For the further avoidance of possible doubt, it is here 
power at which SBS becomes significant To this may stated that throughout this specification the term "mod- 
: be added that power at "which SBS becomes significant 20 ulation" is to be understood, as is conventional, to in- 
is dependent also upon the characteristics of the dielec- elude within its scope the term "keying", this latter 
trie optical waveguide and the wavelength of operation. being a special case of modulation widely used for trans- 
Thus, long low loss fibres are, generally, more prone to mission of digital information. 

SBS, and the SBS threshold tends to decrease with Advantageously, demodulaton of such carrier waves 
increasing wavelengths. 25 is performed coherently. 

The time variation of phase angle required for sub- The present invention may be advantageously ap- 
stantial suppression of Stimulated Brillouin Scattering is plied to the transmission of digital information at high 
also readily determined by trial and error experiment. bit rates with binary phase shiftkeying of the optical 
The manner in which such experiments can be designed carrier wave. In this case, the substantial suppression of 
with become apparent directly from and also by anal- 30 SBS can be achieved by using a keyed phase shift of 
ogy with the more specific discussion hereinafter. (2n.+ l)ir where n is 0 or an integer, or of a keyed phase 

" Some guidance in performing the experiments may be shift sufficiently close to such odd multiples of it to 
gained from a theoretical model discussed hereinafter. achieve substantial suppression of SBS. 

Conveniently the optical waveguide is a single mode The present invention may also advantageously be 
fibre having one ormore transmission loss minima with 35 applied to the transmission of digital information, con- 
respect to wavelength, and said one or more narrow veniently in binary form, at high bit rates with fre- 
. line width light sources are arranged to operate at quency shift keying. In this case, the substantial suppres- 
wavelengfhs at of near the of one of the tnmsmission sion of SBS can be achieved by using a sufficiently large 
loss nunimum. keyed frequency shift 

Preferably the or each light source is a laser light 40 The two cases of phase shift keying and frequency 
source arranged to operate at a wavelength longer than shift keying just referred to conveniently illustrate the 
1 u. m . use of trial and error experiments, as follows. These 

The invention is conveniently performed, for exam* experiments can take the form of determining, for a 
pie, by a combination of one or more narrow line width given bit rate, launched light power, line-width, and 
laser light sources, operating in the near infrared region 45 fibre whether any trial keyed phase shift is close enough 
between 1.2 fim and 1.7 fim with a full width half maxi- to (2n+l)*r to substantially suppress SBS, or whether 
mum (FWHM) line width of less than I MHz, and a any trial frequency shift is large enough. In trial experi- 
monomode silica optical fibre. ments, SBS may be monitored either by means of the 

Silica optical fibres often have absorptive loss minima reflected wave or by means of the fibre output power, 
of 0.5 dB/km or less at 1.3 ujn, 1.5 um, or at both these 50 The present invention is especially advantageous for 
wavelengths, A high power optical wave in accordance these two cases where the bit rates are in excess of 100 
with the present invention of 10 mW or more is advan- MBit s -1 , more especially of the order of 1 GBft s- 1 . It 
tageously launched into the fibre. Continuous fibre is not applicable in practical terms for very low bit 
lengths greater than 10 km may usefully be employed. rates, as can be appreciated by consideration of the 

For operation at longer wavelengths with fibres hav- 55 low-bit-rate limit, that is to say phase or frequency shift 
ing low absorption loss at such wavelengths (compare keying at a bit rate of 1 Bit s~ 1 would not affect such a 
Goodman, Sol. State and Electronic Device 1978, 2, short time-scale process as SBS. 
129-137), feasible unrepeated lengths would be gener- When, as in the foregoing two cases, the modulation 
ally greater and the SBS threshold for continuous wave technique itself is based on imposing variations on the 
radiation and the minimum powers advantageously 60 phase of the carrier wave, the information modulation 
employed in accordance with the present invention may be used for the substantial suppression of SBS. 
would be generally smaller. Such fibres may, for exam- However this does not, of course, preclude the possibfl- 
ple, be fluoride glass fibres and the like presently en vis- ity of using additional information modulations or tak- 
aged to operate at wavelengths of 3 um or above. ing additional measures assisting according to the inven- 

The present invention also provides a method of 65 tion in the suppression of SBS. 
transmitting information which comprises launching If, however, it is desired to use amplitude modulation 
into an optical fibre a high-power optical carrier wave (for example shift keying) in correspondence with the 
originating from one or more narrow-Knewidth sources . information to be transmitted, then the mformation 
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modulation generally has a small effect on SBS. Thus, ous wave carrier component in order to provide an 

» ™P ^™*<y°l **« the optical phase reference^ the prS m^ tion fmS 

^threshold m terms of the average - hght on" power • application insofar as the carrier component could rive 

will be typically only a factor or two higher than for a rise to SBS in some circumstances. 

^^TJTu t Similar ^ * f0f 5 A Wavc ^ulated with a periodical driven phase 

™L TT" Jf I it ^ n6 J° * phasc " fr «? uenc y modulator or which is the resultant in L addition^ 
^^^^^F^^^^m^^ component waves of different frequent* 52? of 
d iTn^ 10 ^ ^^^thepossibly course, be used for continuous wavTtransn^s^g^. 

dimi<5in? effects of the cessation of an SB^urpressin? er^lly -at c-Iy W S 

.n*«*'ij'.^on 4 int>iuia:;oa. jo 

Accordingly, the present invention may be applied BRIEF DESCRIPTION OF THE DRAWINGS 
wL^V*? ° f a -^^Jy^ven optical phase modu- The present invention will now be described further 
S°kTT ft P the by way of examples^ with reference to tta£2£ 

optical fibre to provide modulation additional to the nying drawings of which- 

raformation modulation thereby to obtain the required 15 FIG. 1 is a schematic diagram of apparatus for per- 
substantial suppression of SBS. Various forms of modu- forming the present mvention: 

lauon may be used, for example, square wave and sinu- FIGS. 2, 4 and 5 are graphs representing the relation- 
^Lc . . ., ^ . ship between input powers and output powers of optical 

SBS may also be suppressed by the use as the carrier transmission systems- 
wave of the resultant of the addition of component 20 FIG. 3 is an oscilloscope trace illustrating the wave- 
waves of different frequencies, length relationship between launched and ^red 

In circumstances where a periodically driven phase light in an optical transmission system: and 
modulator or a earner wave as just specified are em- FIGS. 6a. 6b and 6c illustrate Examples 1-4 demon- 
ployed, useful preliminary trial and error experiments strating the invention, 
may be performed without the application of an mfor- 25 

matron modulation. These experiments would be di- DETAILED DESCRIPTION 

reeled to the determination, for a given launched light Referring now to FIG. 1, an experimental arranee- 
power, line-width and fibre, of the phase modulation ment to observe SBS comprises a laser light source I a 
Param ^ rS eSL fr J5 UCDCV difference necessary to sup- test fibre 4, and power or frequency monitoring devices 
PrCS8 u^l5 B i' J 0nCC mor ? * *»retical model may 30 7, 8, 9. A variable attenuator 2 serves to attenuate the 
possibly be used to guide these experiments. light entering the fibre 4 from the laser 1, and a polariz- 

A earner wave which is the resultant of the addition ing filter 5 and a quater wave plate 6 are interposed 
of component waves of differing frequencies can conve- between the laser 1 and the optical fibre 4, wwchhas 
niently De generated in a single source, eg. by arranging focussing microlenses 3 and 3' disposed at each end. 
for a single laser to operate on two longitudinal modes 35 The devices 8 and 9 are either powermonitors, such 
of shghtiy different wavelengths, with a resultant mode as calibrated Ge photodiodes, or Fabry-Perot interfer- 
beanng effect Alternatively, two single-frequency, la- ometers to monitor the frequency sypectrum of the 
ser^inaybeused. % . . light passing through the test fibre 4, depending on the 

i ne information modulation of the earner wave may measurement to be performed, 
be effected jetther after the addition of the component 40 Referring now also to FIGS. 2 to 5, the following 
waves of differing frequencies or else by modulation of laboratory experiments were performed to demonstrate 
the individual component waves before or at the same SBS and its suppression, 
time as their addition. This last approach is especially 

convenient where the component waves originate in a EXPERIMENT 1 

single soure so that they can be modulated together by 45 A continuous-wave single-frequency Nd*+- YAG 
control of the source, e.g. in accordance with an ampli- (yttrium aluminium garnet) laser operating on the 1 319 
tude shift keying scheme. urn transition was used This laser produced an output 

Detection of a modulated carrier where the carrier is power of around 100 mW in a single longitudinal mode 
the resultant of the addition of two component waves of and diffraction-limited TEM» transverse mode. The 
different frequencies may be performed on just one of 50 laser line width was measured using a scanning oonfocal 
these frequencies with a detector whose coherent detec- Fabry-Perot interferometer of 300 MHz free spectral 
uon bandwidth is less than the beat frequency. Only half range, and found to be less than 1.6 MHz which is the 
of the transmitted optical power is then utilised for data instrumental resolution. This is more than an order of 
transtmssion and there is therefore a 3 dB power pen- ten narrower than the spontaneous Brilloum linewidth 
alty. However, compared with previously proposed 55 Av^. 

coherent amplitude shift keyed systems, an amplitude FIG. 1 shows the experimental arrangement used to 
shift keying system operated in this way will have the observe SBS in low-loss silica fibre, 
potential of greater repeater spacings because higher The output of the laser 1 was attenuated using a circu- 
launch powers are permissible on account of the sup- lar variable density filter 2 and focussed into the test 
^^"u r • 60 fibre 4 using a microscope objective 3. The optical 

Another way of using a wave which has modu- power emitted from both the near and distant ends of 
lated with a penodically-driven phase modulator or the fibre may be monitored using calibrated Ge photo- 
which is the resultant of the addition of component diodes. A scanning confocal Fabry-Perot mterferome- 
waves of different frequencies is as optical phase refer- ter of 7.5 GHz free spectral range was used to record 
ence to be used in the demodulation of a separate wave 63 the frequency spectrum of the emitted light At the 
which has phase or frequency information modulation. conclusion of experiments on a fibre, the fibre may be 
Thus m some phase or frequency shift keyed systems it cut back to within a few meters of the launch objective 
may be necessary to transmit simultaneously a continu- to measure the power propagating in the guided mode. 
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The linear polariscr 5 and quarter-wave plate 6 were expected from equation (1.1) that the SBS threshold 

mtended to provide optical isolation between the laser power will be closely similar for the two fibres, 
and fibre. However, under conditions of strong SBS this 

arrangement proved ineffective in isolating the laser EXPERIMENT 3 

from the backscattered signal, due to polarisation 5 The apparatus was the same as in Experiments 1 and 

scrambling m the fibre. Nevertheless the laser 1 contin- 2, but the laser was operated successively in each of two 

ued to operate m a stable single longitudinal mode configurations. In the first single-frequency configura- 

under all conditions probably because the frequency of ticm the laser oroduced an outnut oow-r of aro-md 100 

l "~C 7^-^'^^^ *T.V ;.i a single k>;i o ;;cdi:^i ..icd- wi;h a JincwiJrh 
peak of the Nd:YAG gain curve. | 0 which was measured as less than 1.6 MHz, the resolu- 

r^f-fT^* WCrC pcrfonncd with * ,3 - 6 ]en S^ tion of the Fabry-Perot interferometer used for the 
of G<02-doped mono mode silica fibre having a core measurement In the second, dual-frequency configura- 
diamctcr of 9 jim, corecladding index difference of tion lasing occurred on two adjacent longitudinal 
0.3%, cut-off wavelength of 1.21 jim, and loss at 1.32 -modes separated by 270 MHz. In this case the laser 
pm of 0.4 1 dB/km. Using the measured refractive index 15 produced an output power of about 250 mW equally 
profile a f computer solution of the guided mode distribu- divided between the two lines, and the width of each 
tion gives A=4.7X10-»m 2 at 1.31 urn. FIG. 2 shows . line was measured as less than 20 MHz, the instrumental 
the output power from each end of the fibre as a func- resolution. In both configurations the laser output oc- 
tion of the launched power. At low input power the curred in a diffraction-limited TEM«> transverse mode 
output power monitored in the backward direction was 20 The fibre used was a 3 1 .6 km length of cabled single- 
due only to the Fresnel reflection from the cleaved end mode silica fibre having a total linear loss of 1 7 4 dB at 
face of the fibre. However at input powers exceeding 5 1.32 urn. The theoretically predicted threshold for SBS 
mW the output power in the backward direction was in this fibre using the single-frequency laser is 6 mW 
seen to increase rapidly in a nonlinear fashion, and the FIG. 4 shows the output power from each end of the 
efficiency of conversion to the backscattered wave 25 fibre as a function of the launched power when the laser 
reached 65%. At low input powers the power emitted was operated in the single-frequency configuration, 
from the distant end of the fibre was related linearly to Nonlinear reflection and transmission characteristic of 
the input power, determined by the linear loss of 5.6 dB. SBS was observed for input powers greater than 6 mW, 
However at input powers exceeding 6 mW the output in good agreement with theory. FIG. 5 shows the iden- 
power became nonlinear. At input powers greater than 30 tical measurement made when the laser was operated in 
10 mW the output power in the forward direction the dual-frequency configuration. No deviation from 
reached a saturated maximum of about 2 mW. optical linearity in either forward or backward direc- 

FIG; 3 shows the Fabry-Perot spectrum of the back- , tion could be observed for launched powers of up to 90 

scattered light A small amount of laser light was delib- mW f the maximum possible in this experiment We have 

erately coupled : mto the interferometer to provide a 35 thus observed an increase of the SBS threshold power 

calibration marker. The spectral component designated by at least 12 dB. Equation (3.2) predicts that by using 

^Stokes" was present only when the power launched .. the 270 MHz beat frequency SBS would occur in this 

mto the fibre exceeded the threshold value of 5 mW. If/ fibre at input power levels greater than 850 mW, which 

as shown in FIG. 3, it is assumed that the laser and represents a threshold increase of 21 dB. 

backscatter signals are separated by two mterferometric 40 The following discussion of a theoretical model of the 

spectral range 7.5 GHz) then the Stokes operation of the invention is intended to facilitate and 

shift is 12.7+0.2 GHz, This is in good agreement with provide some guidance for devising and performing 

the predicted value of 13.1 GHz calculated from the . trial and error experiments such as described above. It 

expression 2VWA where the symbols are as defined will be readily understood that the theoretical model 

below taking the value of 5.96 XHPms-* for the acous- 45 discussed below is based on some underlying simplify- 

tic velocity in fused silica. The displayed linewidths are ing assumption and is not, therefore to be taken as set- 

limited by_the resolution of the measurement ting precise limits on the scope of the invention. 

The frequency spectrum of light emitted from the Starting from the small-scale steady-state theory as 

distant end of the fibre comprised an intense component discussed for example by R. G. Smith, (referred to ear- 

at the laser frequency and a weaker component at the 50 lier) and W. Kaier and M. Maier ("Stimulated Rayleigh, 

Stokes frequency, the latter probably being due to re- Brillouin and Raman Spectroscopy", Laser Handbook 

flection from the laser output mirror. Surprisingly no Vol 2, ed. F. I. Arrecchi and E. O Schulz-Dubois, 

anu-Stockes or higher-order Stockes emissions were North Holland, Amsterdam 1972, pages 1077-1 150), the 

observed m this experiment despite the presence of maximum continuous wave laser power P/, which can 

feedback from the laser optics, (compare P. Labudde et 55 be launched into an optical fibre before SBS becomes 

al. Optics Comm., 1980, 32, 385-390). detectable is determined by 

EXPERIMENT 2 G 1^2i ai) 
With the same apparatus as in Experiment 1, an ex- 
periment was performed on 31.6 km length of cabled 60 where G is the SBS gain factor 
single-mode fibre having a total linear loss of 1 7.4 dB at 

1 .32 /im. The experimental results were similar to those _ , (tJ2 \ 

found in the 13.6 km fibre, SBS being observed with G _ 2 ™ T pfi* ( Pl Y 

launched powers greater than 6 mW. Despite the longer " c\ 2 Po Vav B \ a ) 
physical length, the effective interaction length L, 65 

Equation U below) of 7.7 km for the 31.6 km cabled and where n is the refractive index, p a is the material 

fibre is almost identical to that of the 1 3.6 km fibre. The density, V fl is the acoustic velocity and Pu is the kragi- 

other fibre parameters are similar and thus it is to be tudmal elasto-optic coefficient of the fibre medium. "A" 
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is an effective cross-sectional area of the guided mode 
such that the peak intensity is given by P^/A. An as- -continued 
sumption here is that the laser linewidth is small com- tc 2 _ / vn * pn 

pared to Av A which is the HnewkJth for spontaneous 
Brillouin scattering (Hz, FWHM) at ambient tempera- 5 

ture. The factor K is unity for a fibre which maintains wnere n=0X/2ir r 0= optical propagation constant, 

the optical polarisation, and is $ otherwise (compare R. Pi2= longitudinal elasto-optic coefficient, \= optical 

H. Stolen, I EE J. Quart, Elec 1979, QE-15, 1 157-1 160). wavelength, />o= average density, V ff = acoustic Veloc- 

The effective inter-tcnon \zn<nh L- k -iven by itv * € «= fre « space permittivity (SI units). 

*. io ;t - 33 -- -o,.:. : ;u /--^yc::,j> 

L e ~a- '(i -c* P [-aLp {U) that detectable SBS will occur only for launched laser 

-■ . powers exceeding the critical value for which the fol- 

twhefe a is the absorption coefficient (m~ >) andX is the lowing inequality holds: 
.fibre length. For long fibre lengths used in cominunica- 

tions it is usual for L>>d-^ and hence L^a->. Low !5 to 1 E ^ T > /E ^ l * r >l 2 £18 (2j> 
Joss fibres have longer interaction lengths and thus have 

lower SBS thresholds. - For launched powers not exceeding this critical level, 

- . We have inserted in these equations the. folio wing de P ,eti <>n of the laser field due to SBS would be negligi- 

bulk parameters for fused silica (compare R. J Pressley We * ^ P^s^wnably also that due to other competing 

(ed), "Handbook of Lasers" Chemical Rubber Com- 20 no "; Iine * r processes. 

pany* Cleveland, 1971 and J. Schroeder et al, J Amer, . Wc su SS«t that, essentially, the laser field in the fibre 

Ceram. Soc., 1973, 56, 510-514): n= 1.451, K detc nnined only by the launched field and linear 

absorption, 

Po=2-21 X 10 3 kg m- 3 , V„=5.96x IO 3 ras" 1 , 

PI2=02Sd. Edbr^Edb^expl-cart) (2.4) 

Since the spontaneous linewidth Avjis 38.4 MHz at the Equations (2.1) and (2.2) above (compare Carman et 

wavelength X= 1.0 >im and varies as \~ 2 (compare D ^ already cited and K Daree "Transient effects in 

Heinman et al, Phys. Rev., 1979, B19, 6583-6592) we stimulated light scattering", Opt Quant Electr, 1975, 7, 

suggest that Av B =22MHz at 1.32 pm. Further we have ^ PP 263-279) may be solved by Riemann's method to 

inserted the following values appropriate to a particular obtain *** expression for Stokes field E* (z,r) which 

13.6 km test fibre: a = 9.5 X 10-%!- 1(0.41 dB/km lossX ^^S" at 2=0, 
U=7.6 km, A»4.7X 10- "m* and K=i. Thus one may 

predict the threshold for SBS in this test fibre at 1.32 um W.D » (kiku^ «p(- o^^ar) x n S) 
to be P/^5.6 mW. Experiment 1 above relates to this « 

«test fibre;. • J / 

. In order to analyse a transient scattering process we / . " pt ~ P(t " ************ ' "I" 1 x 
(have use.the coupled equations .for the slowly-varying 

complex Fourier amplitudes of the optical electric fields i\li{**i\{{H\*yAW - w*)}*]^ 

Hand density wave p on the core axis. 40 where z, - [1 - ~p<- o*)Va 

— iKWE L + aES2 W{r) - / I^GOI 2 *". 

— CO 

JjL KiBiSE, - r>* a2) 45 w denotes W(r0, and h is a modified Bessel function. 

Equation (2.5) can be used to ascertain whether the 
(These equations . may be compared with equations threshold condition (2.3) is exceeded for any arbitrary 
quoted in R. L. Carman, F. Shimizu, C. S. Wang, and N. input field 

Bloembergen, Theory of Stokes pulse shapes in tran- «o W * shaU . novv evaluate (2.5) for particular cases rele- 
sient stimulated Raman scattering*, Phys Rev A, 1970, vant in OP** 031 communications, namely those in which 
2, 60-72.) The laser field (subscript!.) is launched into lascr fie3d * a** 3 " 1 ^ to transmit a binary data 

the fibre at z=0 and travels in the=z direction. The strcam represented by the function m(t) which can take 
Stokes field (subscript S) travelling in the-z direction vah,cs l - Two n*}™ simplifications will be made, 
builds up from spontaneous scattering; this can be repre- «« Fir3tI y» it is assumed that the time-average of the modu- 
sented by a Stokes field injected at a position z=z<, m ° n Action m(t) 
where Zo=»3a-i and a is the optical absorption coeffici- . A _ AJ 

ent (compare R. G. Smith, already cited). The travel- *-Atm<orff-* 
ling coordinate T=t±z/v where the negative (positive) . u ,„..., 
sign refers to th^ laser (Stokes) field anTv\ thToS M ^h converges for sufficiently ^ At. does so for 
group velocity resumed much greater than the aSc 60 * 1<T IJ™/'"*? ^ * ^ed at room 
group vdod^ rTfa the acou^on^n WcS STF-"* r m ^ R Vf^ ****** 
Spontaneous BriUouin Scattering imewidA (Hz! ™* T X * W ^ 

FWHM) is r/c The coupling cc^fficienttare above assumpuon is valid for optical transmission using 

puug wcuicicau arc most low-dispanty line codes at bit rates of a hundred 

65 MbhVs or higher. (Notice that even for a balanced code, 
Xx = k l poff2g<> m may differ from I if return-to-zero or other special 

iy ° technique b used.) The second assumption is that 

o->>>vr- 1 . We observe that this is likely to be the 
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case for low-loss silica fibres since, for example, 

a- 1*8.7 km at 1.3 j«p (for 0.5 dB/km loss) and -continued 
vr- 1^3.5 m. These simplifications allow exact analyti- . m « k/ / Mo _ ^ 

cal soluoonsof the integral equation (2.5) to be obtained 
in terms of m. 5 

In order to consider different modulation techniques where kj/2n is the keyed frequency shift (Hz), which 

m the form of amplitude-, phase, and frequency-shift for practical purposes should be at least as large as the 

keying, we start by separating amplitude and phase bit rate. Here we have deliberately selected the Fourier 

. ~c:- . v. ; V- : fr.-y^c/ fee ^.h ±~ lY^^r-j v.: .2 cf ;<t) 3 

£l(0 /)-£^rt «d r*w,>i n a\ 10 m0l> * mCC 010 corres P° ndin S Stokes frequency is the 

££iaf)-£uM4«p[<Mr)l .(2.6) one which experiences the maximum SBS gain. In equa- 

where £ L is constant, and a and ^ * are real and continu- S^w^i^ ^Jf! 0 ™ for amplitude- and 

ous functions. Equation (Z5) is solved to find ^e gam JiESI hS^l ^T**' dcpCnds 

factor G, where on the P»« h^tory of the d^ta stream and on the cwiing 

15 statistics. If p(V)d¥ represents the probability that at 

ifiiEtO.TVEALTtf-Gzt-az an *" y P ardcular t™e the phase angle <JKt) lies in the range 

*.*+d*(-ir<*§ir), evaluated using (2.14), we sug- 

OTie SBS threshold can be evaluated in each case and, gest O^ving regard to equation (2.5)) that 



since Zo=»3a-* ( the threshold criterion (2.3) becomes 

In the case where there is no modulation, we suggest 
that 



20 o-ZTft, ai5) 

where 

25 /w-qm a,6> 



" n*ocr J If » for example, m(t) is a unit square wave of period 2/B 

representing thejdata sequence 010101 . . . where B is 

where Y L is the laser power launched into the fibre and 30 Wt raU: ^ d m==:1 ' we su S8«t that P=sinc(k / /2B). 

A is the effective area of the guide mode. This is consis- t su ^ cst ™* generally, as in this example, G—Gj, as 

tent with equations (2. 1) and (2.2) for {dp */3t)->0. k -^°» ^ °— 0 for k / 1B > > 1- Wc propose the 

In the case where there is amplitude modulation ac- oppression of SBS by using a sufficiently large fre- 

cording to quency shift V/ f and suggest that SBS gain will generally 

35 be lower when using a high-disparity code compared 

.«')-»-P-*MI»-<i-*«)»l (2.10 with a balanced code for which the phase excursions 

- (14) are within narrower bounds, 

where ka is the depth of intensity modulation (0<- In more qualitative terms, we suggest that for signifi- 

^ ,00% )> we suggest that cant SBS to occur, the optical field must be capable of 

g-i*+« mvi ^H2r buUdin g U P 0>y electrostriction) a strong coherent 

c-p« +o -noo -unfa, • (2.1 1) aco ustic wave within the decay time r - 1 In the case of 

where G « rivm h« n own i« *i.s. 0 _ amplitude keying, we believe that the optical pulses arc 

The*^^ additive in their effect of generating a c?her J acoustic 

powe7fc[n? + (l-^^ 45 wave - » J*""™ keying, provided the 

iTmmimised for k.= 100%. to G= £ «-2 W"*™"? P 1 ^ * chosen, we suggest that the 

and 5 is the laser duty factor (typically 0.5) nel ^ oustl ? excitation produced by the optical field 

In the case where there is phase modulation accord- ?* y ^L^^f"^* excita ' 
ingto pon produced by the field m the time periods represent- 

50 ing the binary digit zero is counteracted by the phase- 
a{0 ^ l shifted field in the periods representing the digit one fin 

«0 - kjm(o - Si ^ ' ^ where m=l, the optical fields in the periods 

representing zeros and ones are in exact anti-phase), 
where k, is the keyed phase shift, we suggest that Similarly in frequency-shift keying, provided the fre- 

55 quency shift is sufficiently large, we suggest that the 
c=[i-2»o-mXt-co*V)C* (2.13) continual phase changes of the optical field will result in 

only a small net acoustic excitation and that thus SBS is 
and that for particular values of the phase shift kp, G suppressed. 

approaches zero. If for example m= J, then G is zero for We accordingly propose, despite the very low thresh- 

k p =(2n-M)ir; n=0, 1, 2 We propose that for this 60 olds for SBS which have recently been observed is 

value of m and for these values of k* SBS may be sup- low-loss silica fibres using continuous-wave lasers, that 
pressed so as to allow higher powers to be launched into coherent optical transmission systems be designed to 
thefibre. use modulation techniques which will eliminate any 

We now consider the case where frequency modula- practical limitation on power levels and repeater spac- 
tion is used according to 65 ing due to SBS. While for amplitude shift keying sys- 

tems the SBS threshold differs by only a small numeri- 
°W - 1 a 14) cal factor from the continuous wave case, selection of 

appropriate operating parameters in phase and fre- 
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quency shift keying systems can suppress SBS to the Xrfn/Hi-nm\,.„ • *5 

extent that no longer presents a majir Station , ^ Av *« 27 <> Ghz which is 

We now consider the case where a later field is i ° T ^J"" CXCCedins a few tens of gigahertz, 

launched into the fibre consisting of two optical fre- . p ™ cip ! e ' tbm B mother factor which may lead 

quenci« separated by Av m and having equal amplitudes 5 ? , ^ ? u PP ression of S BS for very high Av w . 

JE*. The spectral width of each line is assumed to be 7° 8 W dlfferenc e >" group delays for the two 

small compared to & VB >, which is the Spontaneous Bril- frequencies * small compared with the minimum pulse 

loum Scattering linewidth (FWHM) at ambient temper- ° ural,OI V P^se overlap for the two frequencies (and 

ature. Thus the Fourier amplitude of the total huncVd enCC m0de ^^S) is expected to occur throughout 

- ^ a u^:\oa c/ ^ : L {Q - :> ; rz: b.: ;. f hljh ^ ;v- ^hc 

p £ pnnciple no longer obtain because of dispersion. 

,E L (^ Eo cc { ^ VmI+B) . . (ZA) However, this appears not to be of great praXj u^- 

. portance, as is illustrated by the case of a 300 tm w^k 

where 9 is a constant If this is inserted into the earlier of silica fibre operated at » wev3^ tf? 55 Z 

coupled wave equations for the electric fidd and den- M which the grou^ou* ^SS^^^Jj^% 

SS^* 1 -"--^-^*- 13 fr^ueScy Av^b T^rth^^c^Sted 

^ ^^nt difference in group delay for the two frequencies is only 

50 ps. J 

G = CaW We SUggest that cvcn for a long fibre of the type 

2lW + 2 0 VP*®** m Example 4 above the SBS threshold for 

- . Av m ~l GHz would be in excess of 15 W typically, 

where G„ is the- gain coefficient for SBS which would .u tophc * m our analysis is the assumption that 

be produced by a single-frequency laser of field ampli- T? unmoduktcd lascr linewidth is small compared to T; 

tude Eo- An assumption in this calculation is , encompasses the range of interest for coherent opti- 

Av m > >aV where V is the optical group velocity, and 25 ^ tnmsmisson. For SBS generated by inhomogenous- 

a is the power absorption coefTtcient Note also that Jy-^oadcned sources a statistical treatment of stimu- 

a- > is effective interaction length for SBS. We suggest ^ted light scattering would, we suggest, be required, 

that when the beat frequency Aw m is much greater than ™ e following calculated Examples illustrate the 

™Vfc the gain G is reduced. Since the SBS threshold is theoretical model of the present invention, 

mversely proportional to G (compare above and also R 30 eyampt p i 

G Smith already quoted), the threshold is correspond- EXAMPLE 1 

ingly increased. We suggest that this is because accord- (illustrated in FIG. 6a) 

Srjr^ — ** * - » 

strong coherent acoustic Wave within the depha^J ZpSp\ w!L k^V^r u. " defincd J . M 

. time ,Av B -h But if the optical phase reversals Incur n i ?2 d F i uc P° wers « distances 

more frequently ihan the S^n^n ^ m of transmission in 

■ng, then the acoustic Wave is unable to build up tea 40 ™ of non-lmear effects. 

large amplitude and thus the SBS gain is smaller. (The 

apparent factor of 2 decrepancy between G„ and G in D«*y.po = m x io» kg »-J 

tne limit Av«<<Av* in equ. (2) arises from our as- Speed of wood » the cow, v a =6.0x lOUiec-'miee-' 

sumption that Av m >>aV). Refractive index of the core. =1.47 . 

^^r^ Brmonin Imewidth in silica fibre is 45 ^t^t7jV->0 

38.4 MHz at the wavelength X= 1.0 um and varies as X ' 

X 2 (see D. Heinman et al f 'BriDcum scattering mea 



r^f^s 011 optical 8 Jasscs, » Pays- Rev., 1979, B19, pp whcrc A=P/W, W being- the maximum light inten. 

8 VT 392); before the values at A= 1.3 and 1.55 urn at centre of the core for a light power P in the 

are 23 and 16 MHz respectively. We therefore suggest 50 absence of nonlinear effects. 

beat frequencies bv m at least several tens of megahertz Longitudinal elasto-optic coefficient, pi 2 =(X27 

wui generally be necessary to achieve practically inter- where P l2 is as defined in J Saprial, "Acoustc-ODncs"' 

esting suppression of SBS For fibres having losses of 1 Chapter V, Wiley (1979). 

dBAm or less, a is less than 2x10-* m-» and so the Stimulated Brillouin Scattering linewidth at 1 3 urn. 

^^ Pfa0n ^^ >>aV " Mplyj ^^ 55 r = 7 'lX10 7 rad s-i. where T is the extant meqT 

e v^»I^E° n r 0fSBS , ?. c 7f tcd to bow " tion <"> hereinafter, (r governs the rate at whkha 

^ t Sff f0f V€ Z** h 10 ^ wc dcnsit y wavc « the absence of SSL 

note that the difference between the phonon frequen- tion (Ez-0 in equation (2)) aSTT 

l^ST PC ^u t0 ^ ^ IaSCr fr ^encies should (ap/ar^i^ This btoc^ 

Bnnoum and Raman Spectroscopy", Laser Handbook 
5 „ . Volume 2, ed. F I Arrecchi and £ O Schnlz-Dubois 

~^ in - WA) < < to B ™ (North-Holland, Ainsterdam, 1972) pages 1077-1150.) 

Into 30 km of this fibre, phase-shift-keyed light sig- 

where V » the acoustic velocity and X is the optical " 0^^^ ^^^^^ 

W 1.5. V e -6X10» nw Av fl =16 MHz. son of a binary data stream represented by a modala- 
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a keyed phase k, of 180' is used. Negligible^ Stimulated 5 ?T y SUppreSS SUmU,ated Brfl,ouin Scattering, 
Bnllouin Scattering is observed. ™ . 

modulating at least one component of said optical 
EXAMPLE 2 wave in correspondence with the information to be 

(illustrated in FIG. (b) , ^"^^ 

Jn this cxampi^ the light source power and linewidth 13 io clahn V'wherein'binlry-valued diehal information is' 
£L? t^K % ^^S?** . ,en8th arC 85 m Wnar y Phase^hift-keyed onto said oS waTin c^r 

of the transmission is 140 MBit s-> and a keyed fre- 15 71^ ^ ,, . ■ 

quency shift k/of.8 GHz is used. Negligible Stimulated in ^ °l ^ mformation as 

Brillouin,Scattering is observed ■ m daJra 2 wherein binary-valued digital information is 

frequency-shift-keyed onto said optical wave in corre- 
EXAMPLE 3 1 spondence with said .information, the magnitude of the 
(illustrated, in FIG. 6b) 20 ke y ed frequency shift being sufficiently great that Slim- 
es 1^ -5- . . , m , "iated Brillouin Scattering is substantially suppressed 

JTSL f^^imiU ™?f GBh r 5 - A meth0d -a*** * claim 4. wh«3TK. 

ff JtiSS^^ TrmSoS^intr , freq r/ y r ^ 

6 vcu. 6 . A method according to claim 3, 4 or 5, wherein the 

EXAMPLE 4 25 bit rate is at least 100 MBit 

(illustrated in FIG 6c) , 7 ' t 10 daim 2 wherein said 

... _ / ' launching step comprises producing and combining 

in this Example, the silica fibre used has a cabled and coherent optical waves of differing frequencies by the 

jointed loss m the absence of non-linear effects of 0.3 addition of which the variation of phase angle is 

dB/km at 1.3 urn, and the characteristics of the fibre 30 achieved. 

other than a are as in Example 1. An optical carrier 8. A method according to claim 7, wherein the waves 

wave is launched into the fibre modulated in accor- of differing frequencies originate simultaneously in a 

dance with an amplitude shift keying scheme at 140 single source. 

^ t ^ ;^V the wave |s the power is 1 W split 9. A method according to claim S wherein said source 

It is m^^^SX^^mi^ oM0 Z^Z^ ^*P°° d ^ formation to 

dBm (suitable*^ a iO^^J,^!!^^^^^ ^ * ff"^" ***** b * <™>J * source. 

"Receiver Performance ^JS^ZS^ JLtS^ " C ^ 7 ' 8 ? 9 

optical modulation^lemoduktion systems in the oT\0 J^SS m ^ rfanc ? *e information to be 

urn wavelength region*. IEEE J. Quant Elec., 1980 tn "* n " ttcd » » amplitude modulauon. 
QE.16, pp. 1251-1259), that this would allow data trans^ 3 * J?^ 0 ^ transmitting coherent light along an 

mission over distances of approximately 300 km without AS ° P , 1 , wncrein "8 ht linewidth determines a 

repeaters. ^xuziy ^ jem mtnout 45 naturaJ Stimulated Bnllouin Scattering threshold power 

What I claim is: lcvcl for ebrc » *e method comprising: 

1. A method of- transmitting -coherent light along an generating coherent light having a predetermined 
optical fibre in an optical communication system at . lmcwi ^th in light generating means, 

power levels which exceed the normally expected Stim- 50 intr oducing recurrent phase deviations in said coher- 

ulated ; Brillouin Scattering (SBS) threshold which cnt light, and 

method comprises: launching said light into an optical fibre at a power 
launching into the fibre a coherent optical wave hav- * cv ? w nicb is above the natural Stimulated Bill- 
ing a power level in excess of the normally ex- ,ouin Scattering threshold power level for the fibre 
pected Stimulated Brillouin Scattering threshold 53 at said predetermined linewidth, wherein the recur- 
and a phase angle which is varied with respect to rcnt P hasc deviations substantially suppress Stimu- 
time in such a manner that Stimulated Brillouin la ted Brillouin Scattering. 
Scattering is substantially suppressed and the 13 A method according to claim 12, wherein said 
power level of the successfully propagated compo- generating, introducing and launching steps comprise: 
nent of the optical wave is increased. 60 generating coherent light at a plurality of distinct 

2. A method of optically transmitting mformation wavelengths, and 

along light conducting fibres having increased length launching a composite Ught wave comprising said 

between required repeater amplifying stations, which distinct plurality of wavelengths into said fibre. 

method comprises: thereby to introduce said recurrent phase devia- 

launchmg into an optical fibre at least one coherent 65 tions as a result of superposition of light of said 

opucal wave havmg a power level in excess of the distinct wavelengths. 

CXP !f t ? d Stimu ^ cd brillouin Scattering 14. A method according to claim 13. further compris- 
threshold and havmg effected phase reversals ing: p 
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generating said coherent light at a plurality of distinct information to be transmitted is effected by control of 

wavelengths in light generating means comprising the light generating means. 

a single laser source, and 26. An optical transmission system comprising: an 
transmitting information by applying to the light of at optical fibre having a natural stimulated Brillouin scat- 
least one of said distinct wavelengths a modulation 5 tering power threshold for a given linewidth light, 
in correspondence with information to be transmit- light generating means to generate light of predeter- 

,«* , , mined linewidth and at a power above the natural 

. -15. A method according to claim 13, further compris- Stimulated Brillouin Scattering power threshold 

,n ^ : . icr r ::, z x r : :>c *' '\ 

gyrating i^d conerem ji^hc m a pluraihy ol'uisrinct , 0 means to launch said generated light into the fibre at 

wavelengths in light generating means comprising said excess power level, and 

a plurality of sources, and means for introducing, recurrent phase deviations in 

i ■ tr a*sn»tting information by applying to the light of at the transmitted light at a rate which is sufficiently 

least one of said distinct wavelengths a modulation high to substantially suppress Stimulated Brillouin 

in correspondence with the information to be trans- (J Scattering. 

nutted. 27. An optical transmission system according to claim 

~ 16. A method according to claim 14 or 15 wherein the 26, for transmitting information, wherein 

modulation is amplitude modulation. the means for introducing recurrent phase deviations 

17. A method according to claim 14 or 15, comprising comprises modulating means for modulating the 

generating the coherent light of each distinct wave- ■ light in correspondence with information to be 

length from a separate longitudinal mode of a laser light ■ transmitted. 

sou J ce : . _ , , _ „ 28. An optical transmission system according to claim 

IB. A method according to claim 12, further compris- 27, for transmitting binary-valued digital information, 
mg: wherein 
transmitting information by applying to the light a said modulating means includes binary phase shift 
modulation m correspondence with the infonna- 25 keying means for effecting recurrent phase devia- 
tion to ^ transmitted, tions of substantially (2n+ l>r, (n being zero or an 
wherein said modulation introduces said recurrent integer). 
P 1 ^* Aviations. 29. An optical transmission system according to claim 

19. A method according to claim 18, wherein the 27, for transmitting binary-valued digital information, 
information is binary-valued digital information, and 30 wherein 

the modulation is binary phase shift keying, the recur- said modulating means includes frequency shift key- 

. rent phase deviations being keyed phase shifts of ing means for effecting said recurrent phase devia- 

^ substantially (2n+ IK (n being zero or an integer). tions by introducing keyed frequency shifts in said 

20. A method according to claim 18, wherein the transmitted light 

information is binary-valued digital information, and 35 30. An optical transmission system according to claim 

the modulation is frequency shift keying, the recur- 26, wherein 

rent phase deviations being" introduced by keyed said light generating means generates plural light 

frequency shifts. waves at a corresponding plurality of distinct 

21. A method according to claim 20, wherein the wavelengths and said recurrent phase deviations 
frequency shift keying is binary-valued frequency shift 40 are introduced by superposition of said plural light 
keying. waves, 

22. A method according to claim 19, 20 or 21 wherein 31. An optical transmission system according to claim 
the information is transmitted at a bit rate of at least 100 30, wherein the light generating means comprises a 

« * ^ single optical source to generate light waves at a plural- 

23. A method according to claim 12 wherein said 4J ity of distinct wavelengths. 

generating, introduced and launching steps comprise: 32. An optical transmission system according to claim 

generating coherent light at a plurality of distinct 30, wherein the light generating means comprises a 

wavelengths, plurality of optical sources, 
introducing said recurrent phase deviations into the 33. An optical transmission system according to claim 
light of at least one of said distinct wavelengths, 31 or 32 wherein the distinct wavelengths are separate 
and . longitudinal modes of a laser light source- 
transmitting information by applying to the light of at 34. An optical transmission system according to claim 
least one other of said distinct wavelengths a mod- 30, for transmitting information, further comprising 
ulation in correspondence with the information to modulating means for applying to the light of at least 
be transmitted. one of said plurality of distinct wavelengths an ampli- 

24. A method of transmitting and receiving infonna- 33 tude modulation in correspondence with the informa- 
tion along an optical fibre comprising: tion to be transmitted. 

transmitting information by launching coherent light 35. An optical transmission system according to «i»im 

of at least one wavelength into one end of an opti- 27 or 34 wherein the modulating means controls the 

cal fibce, which launched light is modulated in light generating means. 

correspondence with the information to be trans- 60 36. An optical communication system comprising: 

mitted by a method according to claim 36, 37, 40 or a transmission system according to claim 26, 27 or 30 

^* and further comprising means to coherently detect 

coherently detecting the transmitted light emerging and receive light emerging from the fibre, 

from the other end of the fibre, and .37. An optical system according to claims 26, 27 or 30 

demodulating said detected light to recover said in- 63 wherein said optical fibre is a silica fibre having a loss 

formation. not exceeding 0.5 dB/km at the wavelength of opera* 

25. A method according to claim 14, 15, 18 or 23 tion, and having a length of at least 10 km. 
wherein the modulation in c o r re sp ondence with the * * • • • 
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